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Introduction

 Well known global fit to all SM data: “Blue Band Plot”

Measurement Fit  10™*-Q"/o™e?

o .1 2 3
m,[GeV] 91.18750.0021 91.1874
I,[GeV]  2.4952:0.0023  2.4959
op.q[Nb]  41.540£0.037  41.478
R, 20.767 = 0.025  20.742
AY 0.01714 = 0.00095 0.01646
A(P) 0.1465 + 0.0032  0.1482
R, 0.21629 = 0.00066 0.21579
R, 0.1721 £0.0030  0.1722
ASP 0.0992 = 0.0016  0.1039
A 0.0707 = 0.0035  0.0743
A, 0.923 = 0.020 0.935
A, 0.670 + 0.027 0.668
A(SLD) 0.1513=0.0021  0.1482
sin’6?'(Q,) 0.2324 £0.0012  0.2314
m, [GeV] 80.399 +0.023  80.378
r,[GeV]  2.085:x0.042 2.092
m,[GeV]  173.20 = 0.90 173.27

July 2011 O 1 2 3

6 July 2011 : mLi:.nit =:161 GeV

] (5) _ |
5 28 Aoy = a

— 0.02750+0.00033  {f :

) 44 0.0274920.00010  ff : T
4 Lt incl. low Q*data  §f ¢ -
3 | |
2 ] ]
1 ] —
0 Excluded

30 300
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Introduction mas@

 Well known global fit to all SM data: “Blue Band Plot”

6 July 2011 - mLi,.nit =:161 GeV
p— 92_|_ GeV 5__ Aocgd= |
: 1 — 0.02750+0.00033 i :
T '-.:"-.__‘----.0.02749¢02.ooo1o
mH < 161 GeV 4—_ incl. low Q° data A : —
at 95% CL & °° -
2- _
e Assumption for the fit : 11 -
SM including Higgs boson 0 |Excluded N\ /- |
30 100 300

m,, [GeV]
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MasterCode e

e Mainidea: do the “same” in Supersymmetry

e Combine all existing data . 5
 Electroweak precision observables (EWPO) '95(’6 ' e
« Flavour physics observables (BPO) o s, G
. Cold dark matter observables (CDM) G e, S

« Low Energy observables (g-2) 5 e

. : X
 Direct Searches! AN
e LHC :.‘ ‘.\\: o
« XENON100 .
* Predict

* best-fit model space points
* ranges for Higgs masses
* ranges for SM parameters

* ranges for SUSY masses (exclusion, reach, interpretation)

 Important! “Red Band” instead of “Blue Band” ;-)
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MasterCode

e Combines diverse set of tools | [ Model parameters:
. e.g. m0, 1/2, A0, tanf, etc
o different codes : all state-of-the-art 1)
o Electroweak Precision (FeynWz) Spectrum calculators
 Flavour (SuFla, micrOMEGAS) Softsusy || suspect
o Cold Dark Matter (DarkSUSY, micrOMEGASs) o
« Other low energy (FeynHiggs) 8 L
. (& SLHA
 Higgs (FeynHiggs) o *
c
o different precisions (one-loop, two-loop, etc) & Predictors
. . b= Hi Sect C I
« different languages (Fortran, C++, English, Z Rt | Bt
German, ltalian, etc) il Rt
o different people (theorists, experimentalists) Flavour Phys. | EWK Physics
 Compatibility is crucial! Ensured by e |
» close collaboration of tools authors 7
 standard interfaces Predictions
Expt. Data

consistent use of most-up-to-date tools crucial for precision studies
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List of Observables e

Flavour and Low Energy Observables

EXP EXP
b—>37/BRb—>3fy BRK—)WVV/BRK—M'W/
BR(B, = sy AMEXP JAMEM
BR g}if;u/BRB—M'V AM%?P/AMSI;/I
BR(Bg — ) AMg "/ AMg }
EXP SM
BREDE;( ll/BRB—>X 1 AeK /AEK
BR EﬁPMV/BRK—MU/ a’EXP o ;SJJM
Dark Matter Observables
Qh?
O_SI

p

LHC High Energy Observables

jets + By
H/A, H*

Electroweak Qbservables

B

I, A (D)

Thad Am(c)

R, Ap

An (1) Ac

Ay(Py) Ai(SLD)

Ry sin? 04, (QrB)
R, myy

Standard Model Parameters

=

Ty

5
AOéﬁla)d (m2Z)
mz

Light Higgs Sector

mp

More than 30 different observables used



Models Covered g

Model Parameters Boundary Conditions

CMSSM mo, my /2, Ao, tan(B3), sign(p) Unification +
VCMSSM myo, ml/g, A(), Slgn(,u) BO — AO — My
mSUGRA  mg, my e, Ao, sign(u) By = Ay — mg

NUHMl mO? m1/27 AO? m2H1,27 Sign(lu’) m172 — mo —I_ AmHl,Q
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Constructing the »2 e

N M ?
(CZ — Pi)2 ( Sof/lsz B éiﬁ/[z)
X = XZ: o(CZ+o(P2 Z o(fsm,)?

1

N is number of observables studied

M is number of SM parameters: fsmi = AQhad, Ms, Mz
C; are experimentally measured values (constraint)
P; are MSSM parameter-dependent predictions
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Constructing the %~ ey

N M ?
(CZ — Pi)2 ( Solt\)/lsz B SIE/IZ)
X2 - zz: O'(Cf,;)Q + O'(Pi)2 - ; O-(fSMi)2

 Fit Methods (globally over all model parameters!)
 Markov Chain Monte Carlo (MCMC)

» Actually used as a mere sampling method (sampling density not used)
« success and failure of the steps defined by the x2

o X2 fit: Minuit minimisation
» used for “scans” or in conjunction with MCMCs to get overall best minimum
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Constructing the > e

N M 2
B (C; — Py)? (fSwr, — f&,)
X = zZ: o(Cy)? + o(P;)? * EZ: o(fsm;)?
: W + X (b — s'y) + X’ (gu - 2) + X’ (QhQ) + X2(mh)

[ « Fit Methods (globally over all model parameters!)
‘  Markov Chain Monte Carlo (MCMC)

» Actually used as a mere sampling method (sampling density not used)
« success and failure of the steps defined by the x2

o X2 fit: Minuit minimisation
» used for “scans” or in conjunction with MCMCs to get overall best minimum
Afterburners
e ¥?terms additive — effects therefore also additive
o Study effect of “interesting” (g-2, b—sy, Qh?, etc) observables!

« sample space without “interesting” terms — larger, more general sampling

v

» aposteriori add “interesting” terms after general sampling
* Only need to sample multi-d space once! Enormous cost savings to due RGEs
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Constructing the > e

M OoDSs 2
2o i (Ci — P)? n Z (S35, — fou,)
—~ 0(C;)? +o(F)? - o(fsm;)?
+ X2(b—> s'y) + X2 (gu — 2) + ¥ (QhQ) + X2(mh)
+ x*( BR(Bs = pp) ) + x*(LHC) + x*(XENON100)

 Fit Methods (globally over all model parameters!)
 Markov Chain Monte Carlo (MCMC)

» Actually used as a mere sampling method (sampling density not used)
« success and failure of the steps defined by the x2
o X2 fit: Minuit minimisation
» used for “scans” or in conjunction with MCMCs to get overall best minimum

o Afterburners
e ¥?terms additive — effects therefore also additive
o Study effect of “interesting” (g-2, b—sy, Qh?, etc) observables!

« sample space without “interesting” terms — larger, more general sampling

» aposteriori add “interesting” terms after general sampling
* Only need to sample multi-d space once! Enormous cost savings to due RGEs
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Constructing the > e

N M obs fit |2
2 (C; — Py)? (fSwr, — f&,)
T 27; o(C;)? + o(F;)? i zz: o(fsm,)?
+ X (b — s'y) + x? (gu — 2) + ¥ (QhQ) + X2(mh)
(+ x*(BR(B, = ) ) + x*(LHO) 4 x2(XENON10O)l)

. Recent Experimental Data!
 Fit Methods (globally over all model parameters!)

 Markov Chain Monte Carlo (MCMC)
» Actually used as a mere sampling method (sampling density not used)
« success and failure of the steps defined by the x2
o X2 fit: Minuit minimisation
» used for “scans” or in conjunction with MCMCs to get overall best minimum

o Afterburners
e ¥?terms additive — effects therefore also additive
o Study effect of “interesting” (g-2, b—sy, Qh?, etc) observables!

« sample space without “interesting” terms — larger, more general sampling

» aposteriori add “interesting” terms after general sampling
* Only need to sample multi-d space once! Enormous cost savings to due RGEs
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Pre-LHC, Pre-XENON100 837 Encs)

R 4: L, A o N

< L:E MasTeRcaoe CMSSM_E < 45 NUHM1_E

3f 3

2.52— — 2.5 —

2f 2

1.52— — 1.5 —

13 1

o mascosime ] O5F i oo
0%=g6~"100 ~ 110 120 130 140 0%-90~""700 110 120 130 140

M, [GeV] M, [GeV]

CMSSM NUHM1
25 million points sampled 25 million points sampled

SM Prediction: mg = 92155 GeV
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Confronting SUSY with LHC = s

e ATLAS + CMS Direct Searches oMS preliminary _ay _[Ldt=111" \3=7Tev

e Combination of

. CMS 1.1fb" (ar)
« ATLAS1.0fb' (O-lepton) 400}

e Assume _‘\‘QM \;&_\ 7(750)Gev |

75, T -

95% C.L. Lirhits
L Observed Limit (NLO), cL, - CDF 7,7, tanp=5, u<0 |
— — Observed Limit (NLO), PL* DO 7,7, tanf, u<0

L aieieis Median Expected Limit + 10, PL - LEP2 ¥ -
— — Observed Limit (NLO), FC, 35pb’* ) Lep2 -

600 Uri2s,, -

m, , (GeV)

§(1250)Gev_
tang =10, Ao=0,u>0

\ §(1000)Gev

—4 2 2 2
Nevents o< M where M~* = mg + m1/2 0 500 1000 1500 2000
m, (GeV)
th e n MSUGRA/CMSSM: tang = 10, A =0, u>0
%' ATLAS Preliminary 0 lepton 2011 combined
4 0] L™=1.041b ", {s=7 TeV CL, observed 95% C.L. limit
[‘ jz I_‘.\'600 [ LEP2 % ° ==== CL, median expected limit
= [ 1 D0g3, tanﬁ-s u<0, 2.1 6" exp. limit 68%, 99% CL
2 2 p IS I CDF g4, tanp=5, u<0, 2 fo™ % Reference point

X p ~ X 9 5 9 >< B Theoretically excluded —— 2010 data PCL 95% C.L. limit
¢ M LT \\ \\‘ v \‘ \'
VTr—d 0 \ \
95% \ bl \ ‘ |

500

400

 For each point in (mo, mi,2) take
max [x*(CMS), x*(ATLAS)]

300

200

11 1 1 I 111 1 I 11 1 1 I 1 |
500 1000 1500 2000 2500 3000 3500
m, [GeV]
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Confronting SUSY with LHC

 For fixed values of Ma Assume

e Assume

X2 X (0 X BR)p(MA)

 Now, in the region of interest

(a X BR) x tan®

e Hence,

2 tan2(ﬁ)

tan®(8)es%

p(Ma)

X

08.29.2011

1P T

10

CMS Preliminary 2011 1.1 fb"

.~ ,»‘"” 95% CL excluded regions

.-/~ [T] CMS observed

-------------- +10 theory

----------- CMS expected

I Do 7.3 b

N [0 LEP

T et —— CMS 2010 observed
------ CMS 2010 expected

MSSM m["** scenario, M_ =1 TeV

SUSsY

100 150 200 250 300 350 400 450 500

m, [GeV]

CMS preliminary  _g— Expected CLs Limit
\s=7TeV, 1.1 fb"

= Observed CLs Limit

1 I B N B
100 200 300 400 500
m, [GeV]
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Confronting SUSY with LHC = s

e LHCDb ) —————

g ! CMS + LHC -]

o BR(BS—>/,£[M) <1.5x 108 at 95% CL ok preliminary ]

B = QObserved ]

¢ CMS 0.6 E— - E;::E;f:u:d1—znly) :
e BR(Bs—uu) < 1.9 x 108 at 95% CL

e CDF 2p ]

e BR(Bs—uu) = (1.8°1) x 108 at 95% CL %5 0

. BR(BY — up) [10°]

e BR(Bs—uu) < 4.0 x 108 at 95% CL ]

. Some tension with CMS, LHCb © Creliminary -

« but still compatible > o Coserved ;

06 |- (t):apckgrour;deM) :
e Use combined CMS + LHCb

e BR(Bs—uu) < 1.08 x 108 at 95% CL e

0 5 10 15
BR(B? — pp) [107]

* Ay? corresponds to full likelihood
e global minimum close to Standard Model value

08.29.2011 18




Confronting SUSY with XENON100 iz

e Construct likelihood 10
model for event numbers .
using CLs method

e Close to a Gaussian
withu =1.2, 0 =3.2

e 90% CL corresponds to
6.1 events, rescale from
contour (right)

._.
1S)
&

IIIIII| IIIIII|_|_| IIIIIIII| L1

1 0-42

e,
O
b
.

1 0—43

WIMP-Nucleon Cross Section [cm?]

10%

I IIIII|T| I IIIIIII| I IIIIIII| I IIIII|T| I IIIIIII| T TTTI

XENON100 (2011)

.45 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1
107 ¢ 78910 20 30 40 50 100 200 300 400 1000
WIMP Mass [GeV/c?]

* The excess observed in XENON100 leads to a
contribution of y2 = 0.3 for small ¢

 The uncertainty on the n-nucleon o term is also taken into

account; we look at both
* ZnN = 50 + 14
e S,N=64+8
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Post-LHC, Post-XENON100 e

2010 ATLAS + CMS with 36 pb' of LHC Data

&;‘ 1000: = ',\'z' 1000:"''I'"'I'"'I"''I'"'I'"'I""I""I""I"":
S = i O E 3
~  800F 4 . soof =
€ 00E- vemssm 3§ £ E mSUGRA :
6005— —E 6005— —E
5005— —E 5005— _E
400F- = 400 - =
3°°E_:f = 300 3

200 - = 200 - =
100~ 3 00f- e
06100300 300 400 500 600 700800 00 1000 06100300300 400500600 700800 8007000

m, [GeV/c?] m, [GeV/c?]

VCMSSM mSUGRA
60 million points sampled 60 million points sampled

Model | Min x* Prob | my;s mg Ay tanf
VCMSSM 22.5 31% 300 60 30 9
post-LHC/XENON100 27.1 13% 390 90 70 11
mSUGRA 29.4 6.1% | 550 230 430 28
post-LHC/XENON100 30.9 5.7% | 550 230 430 28

08.29.2011 20




Post-LHC, Post-XENON100 g

2010 ATLAS + CMS with 36 pb™ of LHC Data

&~ 1000 o 1000
© o
% 900 % 900
o, o
~ 800 "~ 800
E 700 E 700
600 600
500 500
400 400
300 300
200F 200 o Post
100 100 T Pre
00 100 200 300 400 500 600 700 800 900 1000 00 = 100 - 200 - 300 . 400 . 500 = 600 . 700 . 800 = 900 . .1.000
m, [GeV/c?] m, [GeV/c?]
CMSSM NUHM1
60 million points sampled 70 million points sampled
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Post-LHC, Post-XENON100 e

2010 ATLAS + CMS with 36 pb™ of LHC Data

2500 2500

m,,, [GeV/c?]

N
(&)
(=
o

oF 3
0 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
m, [GeV/c?] 2500 m, [GeV/c?]

CMSSM NUHM1
60 million points sampled 70 million points sampled
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Post-LHC, Post-XENON100 e

2011 ATLAS + CMS with 1 fb™! of LHC Data

T A R T

o~ 2500 ———T " ——— T T ] 2500 r—r—r—r——r—r—r—r— ———r——
Q C 1 © - i
> - mas@ CMSSM | = :mas@ NUHM1
S - 4 O - ]
'_é 2000_— - I_'Q 2000_— ]
£ - 4 € R o
1500f— — 1500 1= ]
T«;:“‘- — 15'\"\09-— . _:
0020002500 R R 2000 2500
m, [GeV/c?] m, [GeV/c?]
CMSSM NUHM1
60 million points sampled 70 million points sampled
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Post-LHC, Post-XENON100 S

2011 ATLAS + CMS with 1 fb™! of LHC Data

e S R T

‘\"—| 2500 T T T T T T T T T T T T T T T T T T T T T T T T t\'l_| 2500 T T T T | T T T T T T T T T T T

(3] B [3) - -
% % :mas@ NUHM1 .
) (O] - .
“a 2000 “~ 2000 -
£ 4 € - <7 -
1500 — 1500 — —
1000 _ 1000f— —
500 {7 - 500 [F% =
%":;9;' e : B frﬁéﬂ,‘\. . ]
) N NN I I BN P} P I R R I

0 500 7000 1500 2000 2500 0 500 1000 1500 2000 2500
m, [GeV/c?] m, [GeV/c?]

CMSSM NUHM1
60 million points sampled 70 million points sampled

Red and blue curves represent Ay? from global minimum, located at ¢

CPreferred region “opens up” at cost of worsening global y? value! )
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N
a
(=]
o

2000

m, , [GeV/c?]

1500

1000

500

Post-LHC, Post-XENON100

2011 ATLAS + CMS with 1 fb™! of LHC Data

e S R T

08.29.2011

Q- [
o0 T
o® [
000 :_
o
0%
M I EEPEEI PP ()S§3 . . . . . . . P I
1000 1500 2000 2500 0 500 1000 1500 2000 2500
m, [GeV/c?] m, [GeV/c?]
Model | Min x? Prob | my /2 Ty Ap tan 3
CMSSM 22.5 26% | 310 60 -60 10
post-LHC/XENON100 29.3 11% | 730 420 -1100 40
NUHM1 20.5 25% | 310 60 -60 10
post-LHC/XENON100 27.3 13% | 690 160 -8R0 33
With 1 fb-1: CMSSM and NUHM1 still above  10% CL

VCMSSM and mSUGRA now less than 5% CL
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Post-LHC, Post-XENON100 S

2011 ATLAS + CMS with 1 fb™! of LHC Data

2500 (T

<>
— Post

--- Pre

2500

2000 2000

m, , [GeV/c?]

m, , [GeV/c?]

1500 1500

1000 1000

500 500

e S R T

— Post
--- Pre

o

°IIIIIIIIIIIIIIIIIIIIIIII

o
-
o
N
o
[2]
o

CMSSM
60 million points sampled

NUHM1
70 million points sampled

Red and blue curves represent Ay? from global minimum, located at ¢

CPreferred region “opens up” at cost of worsening global y? value! )
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Post-LHC, Post-XENON100 S

2011 ATLAS + CMS with 1 fb™! of LHC Data

e S R T
= [ s B L B B B B B I s P [0 i L A B B ELELEL AL AL BRI R
§ _fCMmssm ma@ 1 § fNuHm ma@:
50~ i, AR 50— £ =
- - SoSee - .
sof- —Post - PPy =
5 : E --- Pre 2]
20:— 20:— .(Jf‘" —
: : """"'"r"".:lbw';”"l . S Sz :
00" ""200 400 600 800 1000 1200 1400 1600 1800 2000 TR R R TR R T R T
M, [GeV/c’] M, [GeV/c’]
CMSSM NUHM1
60 million points sampled 70 million points sampled

Red and blue curves represent Ay? from global minimum, located at ¢

(Preferred region “opens up” at cost of worsening global y? value! )
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Post-LHC, Post-XENON100 S

2011 ATLAS + CMS with 1 fb™! of LHC Data

e —
G cmMssm TR o Enoewm R
104 mas@ 10 ma@
wef- — Post oef. — Post
--- Pre --- Pre
104 10
104 10
10 10 )
107 10%
10 1047
108 108 == — =
10 M [Gev/icf
CMSSM NUHM1
60 million points sampled 70 million points sampled

Red and blue curves represent Ay? from global minimum, located at ¢

CPreferred region “opens up” at cost of worsening global y? value! )
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Post-LHC, Post-XENON100 e

2010 ATLAS + CMS with 36 pb™' of LHC Data

o ST T T T T T o 9T T T T
< 8F l mas@ CMSSM4 < s ma@ NUHM1-
6E- —Post - 3 6E ¢ — Post
E ---Pre E E --- Pre
12 . 3
| 2F E 2F
| 1E E 1E
‘ 0 [ .. PP B T 0o——— I ---"“-““‘- 1l AP I
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
m, [GeV/c?] m, [GeV/c?]

CMSSM Prediction: NUHM1 Prediction:

mg = 10807330 GeV mg = 12007500 GeV
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Post-LHC, Post-XENON100

2010 ATLAS + CMS with 36 pb™' of LHC Data

NX 4 S T L
T 48k CMSSM 3
3f -
o -~ Pre <
1.5F :

0.5 E_ LEP Theoretically—f ‘

- excluded E S inaccessible - ‘

0 H EPEPEPE BN P PRI I B

90 100 110 120 130 140

M, [GeV]

CMSSM Prediction:

08.29.2011

myg = 11675 GeV

35F

3f
2.5F

2F — Post",

15F ==~ Pre

1f mas@
0.5F Lep %

dp=T

E excluded
x Il I '] ']

Theoretically—
inaccessible o

; ol nr 15
90 100 110 12

NUHM1 Prediction:

M, [GeV]

mpy = 11877 GeV

SM Prediction: mg = 9275¢ GeV
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Summary and Conclusions iz

 mMSUGRA, VCMSSM
* With 1fb-1, essentially excluded at 95% CL

e CMSSM, NUHM1
e With 36 pb,
e gluino masses already preferred above TeV level
e With 1 fb1, still alive at the 10% level:

* Tension between post-LHC reality high (mo,m1/2)
and pre-LHC preferred low (mo,m1/2)

 Tension partly compensated by higher tang
* Lower preferred o' and higher LSP mass

* Lightest Higgs mass now preferred above LEP limit
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BACKUP
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P I
90 100 110

VCMSSM

130 140
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BACKUP masTeR s

2010 ATLAS + CMS with 36 pb! of LHC Data

R d: S 0 i T
< sf 8f MasTERmee)
C C ~0-0 T
3 6 Y
5F- sf Mk 1
4F 4E --Min@a)
3 ;_ 3 ;— G
2 E— 2 E_ --€.8
= A
'E 1€ —Ha
0 = 0 C 1
0 107 10° ,
Q [GeV/c] Q [GeV/cT]
CMSSM NUHM1
60 million points sampled 70 million points sampled
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